I. Preparation and general procedural information
A. Equipment 1. Freeze dryer (lyophilizer) 2. Shaker table 3. Repipette or other volumetric reagent dispenser, capacity 15 to 30 mL (precision ±0.1 mL) (acid-clean in 10% HCl) 4. Agate mortar and pestle (acid-clean in 10% HCl). 5. Adjustable-volume pipettes (10-100 µL, 100-1000 µL, 1000-5000 µL) 6. Analytical balance (minimum precision 0.0001 g) 7. No. 120 U.S.A. Standard Testing Sieve (Tyler equivalent 115 mesh) with 125-µm openings 8. 0.40-or 0.45-µm polycarbonate filters a. acid clean in 10% HCl 24-48 h and rinse copiously with distilled H 2 O immediately before use b. filters can be stored in 10% HCl for prolonged periods 9. SPExMan manifold and reaction vessels as described in the text B. Glassware/plasticware (clean in phosphate-free detergent, soak 24-48 h in 10% HCl, and oven-or air-dry completely before use) 1. SPExMan sediment extraction vessels, filter holders, stopcocks, caps 2. 8-and 20-mL polyethylene scintillation vials with polyethylene linerless caps (Wheaton #986704) for collection of filtered supernatants 3. 50-or 100-mL waste beaker 4. Glass ashing jars a. must withstand 550°C muffle furnace b. Corning Pyrex culture jars with orange polypropylene caps and clear polypropylene gaskets [Corning cat. no. 1395-100] are ideal c. in addition to acid cleaning, premuffle jars at 550°C before use; plastic gaskets must be removed before muffling and replaced before extraction 5. Spatulas for weighing samples (metal), dithionite (ceramic), and for scraping ashing jars to resuspend sediment (metal), if necessary after ashing in muffle furnace during step V C. Preparation of samples 1. Freeze-dry sediment samples. 2. Disaggregate dry sediments in an agate mortar and pestle; homogenize completely. 3. Take a split from the homogenized sample for sieving, archiving the remainder. 4. Pass entire sample split through a sieve with 125-µm openings. Use the mortar and pestle to grind sparingly when necessary, so that the entire split passes through the sieve. Minimal grinding of sediments can be achieved by repeated transfer between sieve and mortar to remove material <125 µm in size at numerous times during the grinding of a single sample. Excessive grinding will alter the surface area of the sample and change its inherent solubility characteristics. It is important that the entire split be passed through the sieve to have a sample split representative of the homogenized parent sample. 5. Weigh out sample for extraction on glassine weighing paper, on an analytical balance, and transfer into acid-cleaned, assembled SPExMan reaction vessels with acid-cleaned filter installed. For sequential extraction of sediments, 0.10 gdw is recommended. 6. If filtered concentrates of suspended sediments are to be extracted, place entire filter within reaction vessel assembled as described in 5 above. D. Important procedural details of extraction: Extraction conditions used in the standardization experiments detailed in Ruttenberg (1992) must be replicated identically when the SEDEX method is applied to sediments so that the operationally defined separations of different forms of phosphorus apply. These conditions are summarized below. 1. Sediment grain size ≤ 125 µm, with minimum grinding necessary to achieve this size 2. Temperature of extraction 25°C 3. Extractant composition (Appendix 3 below; see also Ruttenberg 1992, Table 1 ). 4. Duration of extraction (Fig. 1 4A ). 7. Timing: The efficiency and specificity of each step of the SEDEX scheme is based on standardization with analog phases. In many instances, separation of different phases is imperfect (see Ruttenberg 1992), and some fraction of nontarget phases can dissolve in a given extraction step. In some cases, the separation is based on choosing extraction conditions that maximize differences in kinetic rates of dissolution of target versus nontarget phases. For this reason, it is important not to let sediment residue remain in any of the primary extractants for extended periods after completion of the primary extraction step. If the SEDEX scheme cannot be performed in its entirety without breaks, it is always preferable to break after the last MgCl 2 wash in a given step. This is particularly critical for steps I-III. Sample tubes should be stored refrigerated until initiation of the next primary extraction step. 8. Supernatant oxidation for total dissolved phosphorus (TDP) determination a. Although not explicitly included in the SEDEX protocol as published (Ruttenberg 1992), we have found that there often is a quantity of phosphorus solubilized during steps I-IV that is unreactive to the molybdate-blue colorimetric reaction. To account for this unreactive phosphorus pool (which is likely either organic phosphorus or polyphosphate), we use the oxidation method of Monaghan and Ruttenberg (1999) on splits of the combined supernatants for each SEDEX step. b. We have developed two record sheets for use in preparation and execution of the SEDEX protocol.
We have found these to be helpful in expediting planning, preparation, and execution of the protocol and in keeping track of experimental details. These are included as Tables A1-2 Step IIB: identical to step IB. C.
Step III: acetate buffer (pH 4) 1.
Step IIIA a. Add 10 mL buffer to sample residue in reaction vessel. Note time on SEDEX record sheet. b. Repeat steps b-j outlined for step IA. 2.
Step IIIB: identical to step IB 3.
Step IIIC: identical to step IB D.
Step IV: 1 M HCl 1. Add 10 mL of 1 M HCl to sample residue in reaction vessel. 2. Repeat steps b-j outlined for step IA. E.
Step V: 550°C ash/1 M HCl 1. Transfer filter with sediment residue from step IV quantitatively to 100-mL Corning Pyrex ashing jars. Remove plastic gaskets before transferring sample to jars. If necessary, use small quantities of distilled H 2 O to wash any sediment grains adhering to walls of reaction vessel or to filter holder into ashing jar. 2. Add 0.10 mL 100% (wt/vol) Mg(NO 3 ) 2 to each jar, making sure that sediment residue is entirely wetted. 3. Place in oven at ≈110°C until dry, covering each jar with a ribbed watch glass to prevent contamination while permitting water vapor to escape. 4. Cover samples with glass Petri dish and ash for 2 h at 550°C in a muffle furnace. a. Note: It is important to ensure that Petri dish cover is flush with rim of jar to prevent contamination. b. Note: Label jars w/ no. 2 pencil; this will remain after ashing. Also note position of jars in furnace in case labels burn off. 5. After jars have cooled, replace gaskets. 6. Add 10 mL of 1 M HCl via repipette to sample residue in ashing jar. 7. Resuspend sediment, using spatula to scrape ashed sediment from jar walls and bottom, if necessary to achieve complete resuspension. Sometimes resuspension is difficult and requires vigorous scraping. Rinse spatula with additional • Place acid-clean 0.2-µm* polycarbonate or Pall GHP (hydrophilic polypropylene) filters on manifold filter holders.
• Weigh out and transfer 0.1 g of ≤125 µm sample to each reaction vessel. 
